The most appropriate protocol for the biopsy of musculoskeletal tumours is controversial, with some authors advocating CT-guided core biopsy. At our hospital the initial biopsies of most musculoskeletal tumours has been by operative core biopsy with evaluation by frozen section which determines whether diagnostic tissue has been obtained and, if possible, gives the definitive diagnosis. In order to determine the accuracy and cost-effectiveness of this protocol we have undertaken a retrospective audit of biopsies of musculoskeletal tumours performed over a period of two years.
The most appropriate protocol for the biopsy of musculoskeletal tumours is controversial, with some authors advocating CT-guided core biopsy. At our hospital the initial biopsies of most musculoskeletal tumours has been by operative core biopsy with evaluation by frozen section which determines whether diagnostic tissue has been obtained and, if possible, gives the definitive diagnosis. In order to determine the accuracy and cost-effectiveness of this protocol we have undertaken a retrospective audit of biopsies of musculoskeletal tumours performed over a period of two years.
A total of 104 patients had biopsies according to this regime. All gave the diagnosis apart from one minor error which did not alter the management of the patient. There was no requirement for re-biopsy. This protocol was more labour-intensive and 38% more costly than CT-guided core biopsy (AU$1804 vs AU$1308). However, the accuracy and avoidance of the anxiety associated with repeat biopsy outweighed these disadvantages.
Diagnosis, without compromising subsequent surgery, is a key step in the multidisciplinary care of patients with musculoskeletal sarcomas. [1] [2] [3] [4] The initial biopsy should obtain an adequate volume of representative tissue for diagnosis without complications. To ensure that the procedure does not compromise any definitive operation it should be performed by a surgeon or radiologist familiar with the approach for definitive resection. 5 An inadequate biopsy may adversely affect the rates of survival and amputation.
1 Initial CT-guided core biopsy has a reported accuracy of approximately 80%. 6 At our hospital, biopsy by a surgeon with intra-operative frozen section is carried out on most patients with suspected sarcomas. This study was undertaken to evaluate the accuracy and cost-effectiveness of this protocol for musculoskeletal tumours.
Patients and Methods
We undertook a retrospective audit of all biopsies of musculoskeletal tumours performed at our hospital. All the specimens from patients under the care of the senior author (PDS), between July 2003 and June 2005 were identified from the database of the Department of Anatomical Pathology and the medical records were reviewed. Biopsies were defined as: 1) operative core; 2) inadequate operative core on frozen section, therefore proceed to open; 3) open; or 4) radiological core. They were categorised later as either diagnostic or nondiagnostic and the biopsy and resected specimen were then compared.
Data were stored in a Microsoft Excel (Microsoft Corporation, Redmond, Washington) spreadsheet. Errors were reported using the definitions of Altuntas et al 6 of the biopsy and the final histology. In keeping with the Washington Cancer Institute, 7 major diagnostic errors were defined as any error in histopathology, radiology or pre-operative planning which resulted in an adverse effect on planning of the treatment. Costs. Four consecutive operative core biopsies were audited at the end of the study. Each patient was admitted as a day-case. The mean duration of the operating time and the mean total time of anaesthesia from induction to leaving theatre were calculated. The cost of the surgeon, anaesthetist and theatre staff was calculated from the Commonwealth of Australia Medicare rebate rates.
8 A similar audit of four CT core biopsies was undertaken. The duration of the scan and radiation exposure were identified from the records of the Department of Radiology. The same Medicare rebate rates 8 were used for costing. Biopsy protocol (Fig. 1) . The biopsy was performed through a stab incision and multiple 14G Trucut (Allegiance Healthcare, McGaw Park, Illinois) specimens were taken. If the lesion was purely intra-osseous, a 3.5 mm drill Oncology hole was made and core biopsies taken through this. Evaluation of a representative proportion of the tissue cores by frozen section was performed and reviewed by both a musculoskeletal pathologist (SWM, RAS, RZK or SFB) and the surgeon (PDS or RUA), and the pathological features were correlated with the clinical, radiological and operative findings. If a definitive diagnosis was made, or if the tissue was thought to be representative of a tumour but further investigations (e.g. paraffin sections, immunohistochemistry, electron microscopy, flow cytometry, cytogenetics) were required, the biopsy was considered complete. If the tissue did not enable diagnosis a repeat core or open biopsy was performed, again supplemented by evaluation by frozen section.
The use of this protocol made a subsequent biopsy unnecessary because evaluation by frozen section ensured that diagnostic tissue had been obtained. After fixation in formalin and embedding in paraffin, the tissue was assessed by histological examination of sections stained with haemotoxylin and eosin, plus ancillary studies as necessary.
Image-guided biopsy (usually by CT) was reserved for sites where an operative biopsy was inappropriate either because of inherent risks (e.g. medical co-morbidity) or accessibility (e.g. vertebra or pelvis). There were also situations in which it was inappropriate to perform a limited biopsy, for example, the differential diagnosis between a deep soft-tissue lipoma and a well-differentiated liposarcoma.
Results
A total of 271 patients was investigated for lesions of bone or soft-tissue. Of these, 104 had a core biopsy by a surgeon with evaluation by frozen section. The remaining 167 had a CT-guided core biopsy (24), open biopsy (76), excisional biopsy (58) or bone-reaming biopsy (9) ( Table I) .
In the 24 patients who had CT-guided biopsy, the site of the lesion, usually vertebral or pelvis, made it the most appropriate method. 6 Their results were included for comparison in our analysis. All the core-needle biopsies were performed as day-cases. When it was necessary to proceed to open biopsy, this was also usually carried out The protocol for surgical core biopsy with evaluation of the frozen section of the New South Wales Sarcoma Service. as a day-case but an overnight stay was occasionally necessary.
Of the 271 patients, 76 underwent an initial open biopsy. In 43 of 54 benign lesions (79.6%) and 15 of 22 malignant lesions (68.2%) in which the imaging was interpreted as diagnostic, the biopsies had a confirmatory intra-operative frozen section as part of the definitive operation, be it resection, amputation or curettage. There was one diagnostic error in this group. A lesion considered radiologically to have been an aneurysmal bone cyst, confirmed histologically as such after curettage, recurred twice. At the second recurrence, 32 months after the initial operation, myofibrosarcoma, not hitherto identified, was diagnosed.
In 58 patients, excision biopsy was appropriate (e.g. recurrent tumour, metastasis, or lipoma versus low-grade liposarcoma). All the biopsies in this group were diagnostic.
The final nine patients had reamings sent for histology while undergoing intramedullary nailing. In one case the reamings failed to demonstrate malignancy although the radiological features suggested a metastasis. Surgeon-led operative core biopsy with evaluation by frozen section was performed on 104 patients. The nondiagnostic and error rates and the pathological diagnoses of the tumours are presented in Tables II and III . There was one minor diagnostic error attributable to misinterpretation of the frozen section. This case involved a 62-year-old woman with a mass in the thigh which was not diagnosed on clinical or radiological examination or by core biopsy. Frozen section diagnosis favoured Hodgkin's lymphoma. An open biopsy enabled identification of a B-cell lymphoma. This did not affect the surgical management.
There were no surgical complications related to the biopsies. Costs. For operative biopsies, the mean duration of the operating time, including frozen section, was 34 minutes (25 to 45). The mean total time of anaesthesia was 54 minutes (45 to 60).
The mean duration of CT-guided biopsies was 64 minutes (59 to 72). The mean active scanning time was 164 seconds (84 to 268) and the mean radiation exposure was 537.3 mGy/cm 2 (232.6 to 810.7). The CT biopsies were performed under local anaesthesia with sedation.
None of the eight patients in either of the audited groups required overnight admission.
Table IV outlines the approximate costs for the two types of procedure, namely AU$1804 (£770; € 131) for surgeonled protocol and AU$1308 (£558; € 820) for a CT-guided biopsy.
Discussion
The time awaiting the result of a biopsy is difficult for a patient. It is therefore desirable to make a definitive diagnosis from the initial biopsy as quickly as possible and to avoid a repeat procedure if the first is not diagnostic. Whereas open biopsy is historically the technique of choice, 2 core needle biopsy in tertiary cancer centres is reported as having an accuracy of up to 93% 9 for softtissue sarcomas and up to 97% for bone tumours. 10 Failure to determine the diagnosis on 5% to 20% has been reported with image-or CT-guided core biopsies of musculoskeletal tumours, 6,11-15 more commonly in bone lesions. 12 All biopsies in our protocol were diagnostic. Whilst it may be technically relatively easy to repeat a CT-guided biopsy or do an open biopsy after non-diagnostic CT-guided biopsy, these further procedures may delay diagnosis and have a negative psychological impact on the patient. Similarly, rates of incorrect diagnosis of 6% to 12% have been reported from tertiary cancer centres for image-guided core needle biopsies. 11, 16 When the referring centre is included, this figure rises to 23%.
14 In 1982, Mankin et al 1 demonstrated a rate of inaccuracy of 20% when the biopsy was performed in the referring centre. Ten years later this figure had decreased to 14%.
14 Our protocol ensures a rapid diagnosis without the need to repeat the procedure.
Although our regime is labour-intensive, in our study approximately 4% of malignant and 27% of benign tumours had to undergo an open biopsy after the core procedure to obtain diagnostic tissue (Table II) . It was more common for this further procedure to be needed for a softtissue lesion (23%) than for a bone tumour (4%) ( Table II) . Evaluation by frozen section is vital to ensure that diagnostic tissue has been obtained, thus avoiding repeat biopsy. Although it has been suggested that it is not possible to perform a frozen section on an outpatient basis 4 this is not our experience.
Our patients can be admitted for biopsy within seven days of assessment as an outpatient. With the greater accuracy of our protocol, we do not use outpatient core biopsies under local anaesthesia, even if the mass is of soft tissue and palpable. In institutions which do not have the infrastruc- (Table IV) . In cases in which the radiological diagnosis is clear (e.g. chondroblastoma and aneurysmal bone cyst), definitive surgery is undertaken at the outset and a frozen section used for confirmation before definitive curettage. Similarly, for well-differentiated adipocytic tumours, in which the radiological and clinical diagnosis is between a lipoma and a well-differentiated liposarcoma, marginal excision biopsy is our preferred initial treatment.
Although the duration of the biopsy procedure using our protocol was similar to that of CT-guided core biopsies, patients required a day stay and general anaesthesia. A similar degree of skill is required for both procedures and requirements of nursing-staff are similar, but radiation exposure is avoided with our protocol. The added cost of re-biopsy in up to 20% of cases must also be considered. Although our protocol is approximately 38% more costly, we feel that this is outweighed by the fact that all biopsies are diagnostic, the adverse psychological effect of re-biopsy is avoided and greater accuracy means that the potential costs of delayed or misdiagnosis are avoided.
The increased exposure to radiation from CT-guided biopsies should be considered when evaluating techniques of biopsy, 17, 18 but any additional exposure from CT-guided core biopsy of musculoskeletal tumours is probably insignificant.
Mankin et al 1 first demonstrated a higher rate of complications associated with the undertaking of biopsies for musculoskeletal tumours by surgeons who are not trained in the surgery of tumours and this has also been our experience. 4 Therefore, it appears likely that diagnostic accuracy reflects the skills of the surgeon and pathologist.
We have described a cost-effective protocol for the biopsy of musculoskeletal tumours which achieves a diagnostic accuracy of 100%, without significant complications.
Supplementary Material
A further opinion by Mr Rob Grimer is available with the electronic version of this article on our website at www.jbjs.org.uk
